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© Etectret filter material. 



® A composite filter material for filtering gases comprising at least one layer of porous P Wafluoro^^ 
and ai leaS one layer of fibrous electret malarial for use to clean the air in faoliiies such as dean rooms for 
manufacturing semiconductors, elecirohlc equipment or medical products. 
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EteCTHET FILTER MATERIAL 



involving such products. -rr-uired in recent years. Ihere has been an increasec? 

\With the rapW technological progress that ^« °f {aci]H\oa used to manutacture 
<temand for a nigh degree o. ='^->'"«.^JJf«^'X^ and ir. the 

semlconduciers. precision electrof>.c «'='""r.^"\„':,^^^^' ^^jl^/j^;, measurements, and 

internal atmosphere, of P^^I^'^J ^^.InZ i.«erna> atmospheres of said 

Z^^:iXVZs. .ave t^n proposed and -^J;:;:,^^:^!S^T^^.^.^ res^s or non^n 
SoeciflcalW materials with a coniinucusly porous structure <=<^''«'=*'^9 ^'"T!^ 

^1 <,«»^ » »ir';i^r^« s^s^ -^^^ « 

Hc»»lvw. in »» convenlKKia tiller msMraH ."^""V"™' ' ,^ SoecincaBv. In Ortlsr 

some generation of dust themselves. Accordingly, even , ""'^'"'•^'^^ 'mso, 

action in etectret filter materials is etetrostatic. the capture mecfianism no longef opo « 
material becomes wet. which results in an extremely severe drop in efficiency. 

ilTccJd&tg to the present invention ther^ Is provided a composite filter matenal comprising: 
(a) at least one layer of porous fibrPlated synthetic polymer resin: and 

AcSrSrS^ T^^:^S:":l'Lo. ... . ^o..^ . .ter assamb.y comprising a 

^-^:t:^i-^j:z.T:sr.r^^ - w^ch h. a 

cartu« eSnS so that an u«ra-high degree of cteanfiness of the filtered medium can be obta.ned^The 
S^L prJvSLsTfilter mat^ri^a. which shows no self-generation of dust or ^^^^^^^^^^^JJ^S 
iliTshows no Change in perfom^ance when wet and which makes it possible to perform low-cost deanmg 

'^■SVte.^Sal Of the inverttlon combines a porous fibnllated synthetic ^^^^^ 
material, formed into a layer by applying an electric charge to a tibrous ma^er a^. The porous film 
material is preferably obtained by stretching a polytetrafluoroethylene <PTFE) «i m material. 

porous filrn material Increases the capture rate and prevents ^ mvas.en ^' «Jf^^«' 
material by moisture or chemical components, thus preventing any drop in performance that would be 

^sfniTatsTsTcer-flow is lowered by the e.ectret filter material. "^fJll^^.^S^^^^ 
capture rate and a low resistance to How is obtained by combining sa.d etectret Alter matenal wrth the 
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porous PTFE Him material to form a composite -"s*"^ • . ^ ^ ggn^rAted by the electret 

The porous PTFE film material Shows no ^[.^"f; Zl ^Z downstream side of th^ 

filter material can be captured by using such a porous PTFE mm rT,atertaI on th* downstream 

electrei filter material. ^^^rihe^i hv wav of example, with refererwe to the 

5 Embodiments of the present invention wil now be descnbed. by way ot exa p 

'"''^tfXrTn Fig. 1. the basic embodiment c. the present invenUon - a porous ^^tarial 1 
polypropylene, so th.t a --^'"r^^'^^-^'^.^^^^^ W^ Z Zn laminated by 

ia, =mL ol a mm matwia fo<n«d by l««l<alloi. ol a ngrM.(W«l. (rtnc 3 ««. PTFE I*" ""Wial 1 t> m 

nuauunl oy rrt«»«e » Flos. 1 » 3 is toWH iM» ' """^ *■ ™ 

nf air flow throuQh the assembly is shown by arrow 5. ^ . ,t ^ » m 

M^^oTs^ch can be to impart an electric cf«rfle to electret "J^ -"^^''^-IS'^^^^^^^^^ 
a method in which direct current voltage is applied to the '^»"«' 'J''^^ !^^^^^' JfJ'^^^^^^ 
temperature near the softening point or (b) a method in which a coulomb discharge is P^'^^^ -"I*^^ 
3S a hjh voltage dose to the insulation breakdown voltage is applied to the matena^ f /Th-^S a 
mSJ°^ it J^ouM also be possible to use (c) a method in r^hioh the material Is irradiated wi* a 
^ucS-tieri eScSon be^m in a vacuum, (d) a method in which strong magnetostatic ^^^J^^^^^ f 
act on the mSeriaJ, with the material heated to a temperature near the softening P^^J- ^>/. ^ 
Jrtiich the material is subjected to pressure deformation, thus creating charge separation and trapping so 
40 ma'S ticTSLse is foiJned. A h^t-embossing method or needle-punchiog method can be used to form 

I^rn^e: rvr^porous PTFE re.n mateda. is desirable X-^^rTJ^Z^^^lii^ 
Such a material is fom,od by subjecting a FTFE resin film to uniaxial or multtaxial drawing ^0 ^ad film 
IS fibrillated. thus producing a high-strength structure in which micro-fibrils are ^^^"IfjT^ZxlZ 
48 multW«ctional spider-web arrangement of fibrils between micro-nodes. The 

is approximately 1.0 to 15 microns, and the porosity is appnjximately 80 to 9S% JTm "^^^J^^ 
repeltent. and the stnjfcture Itself acts as a fitter and ahows a desirable cuptunng effect The efficiency of 

parflcle capture is generally 86% or greater. .„ . . ^ ,„ 

By using porous film material 1 and electret filter material 2 in composite anrangements as Ulusfrated m 
Fiqs 1 to 4 it is possible to obtain a flKer material which has a high particle capturing efficiency arid a tow 
i^sistance to flow. The particle capturing efficiency of porous PTFE film material atone is generally high, 
approximately 90 to 99.8%. However, the resistance to flow is approximately 2.5 to 20 mmAq m terms of 
^ pressure toss. Even in the above range, the rated pressure loss increases with an increase m the 
particle capturing efficiency as in general filter materials. In contrast, the particle capturing efilciBncy of 
electret filter material 2 ranges broadly from a few percent to 95%. whfle the rated resistance to ftow of 
electret filter material 2 is comparaHvely low. at O S to several mnriAq. By combining these two materials, it 
is possible to obtain a filter malerial which has a particle capturing efficiency of 98.5% or greater and a 
resistance to flow of only a few mmAq. 
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high degree of cleanliness tn dean rooms used '"J^"""^ ^ medical treatmertt. but also as an 
semiconductor manufacture or fac.«t!es us^ ZJ'^ZT^^si^ e^^of^c devices, such as hard 
internal circulation filler material or respiranon lilter "'^fJ^?^'^J^ ^ ^ downstream side of the air 

diS: drives. Furthermore, by positioning a f ^J^f-^^ ^ ^ni dCst generated from ^leclret filter 

current passing through the filter, .t ^^^^^^^ bv positfonlig a sheet of porous film material l 

material 2 by means of porous film mater.af 1. Moreover by pos ^ ^ ^^^^^^ 

{Which is also water-repellent) on the upstream s.de. . .s poss,We ^ ^e simultaneously 

which might invade e.ectret fitter -^fj^^'^.^^^ 

obtained by Installing sheets of porous ^"^."^^^^^^"^^ ^ ^re shown in Table 1 below. 

«ria. 1 Shows no generation f . ^ ^^^^^ 'n%S^^^^ 

belcrw. 



20 



30 



Sample 



1 
2 
3 



Thickness 
(iTifn) 



0.008 
0.017 
0,025 



Poro Size 
(microns) 



15 
10 
5 



Tabid 1 



Porostty 



95 
92 
80 



Amount of Air Passing 
Through (cc/tm^'sec)" 



20.5 
14.1 
7.0 



Capturing 
Efficiency C^o)' 



93-0 
98,0 
99.3 



-The amount of air passing through wa$ measured at ^^-^f^^^^^ HS^^^ter 
-Thl capturing afficiancy was measured tor particles 0.3 to 0^ mtcron »n d.ametor. 



Tabte2 





Sample 


Fiber Type 


Weight 
(g/m2) 


Thickness 
(mm) 


Amount of Air Passing 
Through (cc/cm^ ' sec)" 


Capturing 
Efficiency (%)" 


40 


4 
5 
6 


uitra-Rne 
standard 
ultra-fine 


100 
200 
200 


2.1 
3.3 
3^ 


85.0 
74.0 
34,0 


98.0 
99.0 
99.8 



■The amount oi air p&ssmg iiuuuyi» ~\ W « - ^^-m. ^«.«««ter 

-The capturing efficiency was measured for particles 0,3 to 0.5 micron m diameter 
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Table 3 



SQ 



30 



Combination 


Amount of Air Passing 
ThrouQji {cc/cm2*sec)' 


Rsted Pressure Loss 
<mmAq) [Ift. "mmAg"] 


Capturing 
EHiciency {%r 


1 and 4 

2 ard 5 
t and 6 

3 and 4 
3 and S 
2 and B 
2 and 4 


18.4 
11.2 
14.1 
6.3 
6.3 
10.4 

. ti,o 


4,7 
8.2 
6.5 
17.1 
17,2 
9.B 
7.3 


99.88 

99.98 

99.990 

99.994 

99.997 

99.998 

99.96 



efficiency can be obtained by u^ing ^PP^^^^^jf f^f.^'^J^^^^^^^^ now and Wgh 

In particular, combinations uslpg samples 2 and 3 °P*'"™ ..^3,,^ Furthermore, the effect 

captun-ng efficiency ceonot be obtained using the L^^^lXTedS^^^^ that a high 

obtained here cannot be obtained iln corwentionel SilTrf^c^ of the resistance to fU>H 

degree of cleaning can be obtained at a '^^^'S^^ 2 is used, auto- 

oc?um.g P-ented by the 

j^eroftr pr^t,^s-so^h. ^ , 

The invention provides a filter material whurh has ^ ^^^^r'aT^to ^rang are prevented and 
resistance to flow. Autcgeneratlon of dusts and ''^"^^f.^f P^^^^"^"^^^^ damage or 

t^e niter material of the P--J. jj^^ « ^^-^^^0" cSci substances In the at- 
secondary contammatton that mipht jr^f "^^^ ^ich contribute to high effidency. 

mosphere. In ^dditioji. the preset^ invention has the ^"0^^ ^^In ^^S^S^^^ degree Of 

AS a resuu of the high capture rate, the target l'/^^^^^^ 
cleanliness m a short period of dn,e and can be mmntamed 

fhe low resist^ce to flow, such a biBanIng operation can be performed at a low cost. 
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Claims I 

1 A composite filter material eomprising: 

(a) at least one layer of porUs fibrillated synthetic polymer resm; and 

. ^r«;:rmsr^°i^tb^rsr^^^^^ said porous .^.^^^ s^^^ 90^^ 

'^rr^Z^ZS^'^TH^'c^'r^ 1 or 2, Wherein said fibrous electret materia, comprises 
■"Ta n'lteTmeteria. as claimei in any preceding Calm, therein said layer of porous fibrillated synthetic 

^^'^r:t:r:z£r^'^^^^^^ ^ ---^ - ^^^^ - 

A^Srassembiy as clalried in claim 5. in which the layer of porous fibdllatBd synthetic polymer 
resin is located on the downstream side of the filter material. „K^ii*f«rt «««ihatic ooh^mer 

7! A filter assembly as claim^ in claim 5 or 6. m which the layer of porous fibnilated symhetic polymer 
resin is located on the upstream ^Ido ot tiie Filter material. 
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